WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International Patent Classification 5 : 

* . C12N 15/31, 1/21, A01C 1/06 
A01N 63/00 



Al 



(11) Interaati nal Publication Number: WO 90/15138 

(43) International Publication Date: 13 December 1990 (13.12.90) 



(21) International Application Number: PCT/US90/03109 

(22) International Filing Date: 25 May 1990 (25.05.90) 



(30) Priority data: 

358,744 



30 May 1989 (30.05.89) 



US 



(71) Applicant: WISCONSIN ALUMNI RESEARCH FOUN- 

DATION [US/US]; 614 North Walnut Street, Madison, 
WI 53705 (US). 

(72) Inventor: TRIPLETT, Eric, W. ; 2706 Ardsley, Madison, 

WI 53713 (US). 

(74) Agents: SCHWARTZ, Carl, R. et al.; Quarles & Brady, 411 
East Wisconsin Avenue, Milwaukee, WI 53202 (US). 



(81) Designated States: AT (European patent), BE (European 
patent), CH (European patent), DE (European patent)*, 
DK (European patent), ES (European patent), FR (Eu- 
ropean patent), GB (European patent), IT (European 
patent), JP, LU (European patent), NL (European pa- 
tent), SE (European patent). 



Published 

With international search report 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: RECOMBINANT RHIZOBIUM BACTERIA INOCULANTS 



(57) Abstract 



The sequences of a Bkizobium bacteria responsible for competitiveness with respect to plant nodulation have been isolated 
and permanently transferred to superior nodulating Rhizobium genome. This has resulted in a stable construct that can form a 
plant inoculant that yields effective nodulation, while reducing the risk of suppression by other bacteria in the environment 



* See back of page 

BNSDOC1D: <WO 9015138A1J_> 



DESIGNATIONS PF a DE w 



Until further notice, any designation of *DE' in any iota: national application 
whose international filing date is, prior to October 3„ 1990, shall have effect in the 
territory of the Federal Republic of Germany with the exception of the territory of the 
* former German Demdcratic Republic. 



FOR THE PURPOSES OF INFORASaHoN ONLY 

Codes use*! 10 identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. ^ ' - •■ " ■ 



AT 


Austria 


ES 


Spain 


MC 


Monaco 


AU 


Australia 


Fi 


. Finland ........ 


MG 


Madagascar 


BB 


Barbados 


FR 


France " 


ML 


Mali 


BE 


Belgium 


CA 


Gabon 


MR. 


Mauritania 


BP 


Burkina Fasso 


CB 


United Kingdom 


' MW 


Malawi 


BC 


Bulgaria 


Cft 


Greece 


NL 


Netherlands 


BJ 


Benin 


KU 


Hungary 


NO 


Norway 


RR 


Brazil 


IT 


lia(y 


RO 


Romania 


CA 


Canada 


JP 


Japan 


SD 


Sudan 


CP 


Central African Republic 


KP 


Democratic People's Republic 


SE 


Sweden 


CC 


Congo 




of Korea 


SN 


Senegal 


CH 


Switzerland 


KR 


Republic or Korea 


su 


Soviet Union 


CM 


t Cameroon 


LI 


Liechtenstein 


TO 


Cftad 


DE 


Germany. Federal Republic of 


LK 


Sri Lanka 


TC 


Togo 


DK 


Denmark 


LU 


Luxembourg 


US 


United Slates of America 



BNSDOCIO <WO 901 5138A t_l^> 



WO 90/15138 



PCTAJS90/03109 



RECOMBINANT RHIZOBIUM BACTERIA INQCULANTS 
Background Of The Invention 

Technical Field 

The present invention relates to recombinant DNA 
5 technology. It appears especially useful for improving 

the nodulation (and thus nitrogen fixation) capability of 
plants . 

Background Art 

Root nodule Rhizobium bacteria are responsible for 

10 symbiotic nitrogen fixation in the nodules of certain 

plants (e.g. legumes). Where natural bacterial activity 
is ineffective, the plants must rely on the existing 
nitrogen in the soil or on fertilizers. Where the former 
occurs, the quality of the soil is reduced. Where the 

15 latter occurs, the cost' to'tlte farnter (arid ultimately the 
public) can be substantia^^^ ,'tj^, : use ;..,.pf fertil- 
izers, of ten raises jenviroiroental concerns. 

It is now known that the presence of certain 
"inferior" strains of Rhizobium in soil can depress the 

20 productivity 1 o ^acteria, but also 

of < "superior" bacteria added by inoculation of seeds. 
Tfris jean frustrate attempts to inoculate seeds prior to 
'planiiing or to inocu^te rQOts dxiring plant growth. When 
inpeuiation has been successful, it is usually because 

25 the indigenous bacterial " populations have been small i 
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Many investigators have studied the factors involved 
in determining nodule occupancy by strains of Rhizobium . 
See e.g. D. Dbwling et al . , 40 Annu. Rev. Microbiol. 131- 
157 (1986) (the disclosure of thiE article and of all 
5 other articles referred to herein are incorporated by 

reference as if fuliy set forth). Despite this work, no 
solutions to the above described Rhizobium competition 
problem have been developed. 

In E, Triplett et al , , 85 Plant Physiology 335-342 

10 "(198^) and 11th North American Rhizobium Conference 

Abstract GP 4 (1987), my laboratory reported on the fact 
that the Rhizobium leguminosarum bv. trifolii bacterial 
strain T2 4 appeared to have genes in its coding respon- 
sible for a suppreissor of other Rhizobium (I named the 

15 substance trif olitoxin) and other genes coding for T24's 
own resistance to trifolitokin's effects. Unfortunately, 
I also have found that trif olitoxin production by 
trans con jugant bacterial cells that X had constructed was 
readily lost in the absence of tetracycline. Thus, the 

20 earlier Rhizobium transcori jugant s were not likely to be 
able to effectively limit hodulation by trif olitoxin- 
sensitive indigenous strains of Rhizobium under agricul- 
tural conditions (where tetracycline application is 
impractical)* 

25 It was therefore desired to more specifically 

isolate and characterize the genes responsible for the 
T24' suppressor ana resistance characteristics and use 
information developed therefrom to find a means for 
stably inserting such genes in tHh genome of M superior" 

30 Rhizobium so as to ultimately lead to a Rhizobium than 
can form effective nodules notwithstanding the presence 
of indigenous strains. 
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Disclosure Of Invention ^ 

The invention provides a recombinant Rhizobium 
bacteria capable . of assisting in the formation of nitro- 
gen f ixation .nodules on. at .least some plants. The bact - 
5 v ria has a- foreign, seq^enq^ exprespibly, coding for 
trif olitoxiji. The, b&pt$xi.a preferably also has a 
sequence coding fog $$fi§panp suppres- 
sion, with both foreign, ^eguenpes being,, in the bacterial 
, genera^ I The ;!terjn ( ^gjenan^e" is ^ised herein to refer to 
10 either, the bacterial; chromosome or. other bacterial 
genetic, sequences in ; the bacteria • 

Xnoculants .can be provide^, that use these bacteria. 
Thus, plant; seeds (Qr t^e ropits of young plants) can b 
inoculated with th&, paLQ%$xx& .1 ^ 
15 - - Further K: , plan^ -c^Ll^ ,qan b§ formed that incorporate 

these sequences ( so ^tha^ jthe pl^nt strain< produces its 
.. own ;tri5olitoxin>> ; In ^e alte^tive, a production host 
can j)ix)duqq trif oUtpxin on a poipercial : scale. In 
either .case # r the, ,tr;if olitoxin can be used as a trans 
20 inoculant .by haying the r sup§j:iQi: strain have the resis- 
tance gene only. „ 

It will be appreciated that r the invention provide 
the ability to effectively create nitrogen fixation 
nociules in the presence, of inferior, strains . 
25 : c - : -,The objeqrts^jof the, invention therefore include: 

i ; ^ the above 

< :^ind; : . :; ^ OJ :roa - t ,- :iao ^ b t:a%: _, ,., .... ; - ...... ,. Tj . 

B t r prpvidi^g r £ r.^combinant host of the above kind; 

C. ?/ : pr pvi^ing : a plant seed inoculated with a bacte- 
30 : , ria t of the above kind; and 

D. providing a plant, inoculant using a bacteria of 
the above kind. 

These and still other objects and the advantages of the 
present invention will be apparent from the description 
35 that follows. 
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Best Modes For Carrying Out: The Invention 

General Overview 

Rhizobium leguminos arum bv. trifolii T24 induces 
ineffective nodules but produces a potent anti-rhizobial 
5 compound, trifolitoxin. As a result of trifolitoxin 

production, T24 prevents root liodulation by trifolitoxin- 
sensitive bacterial strains. The main objective of this 
work was to identify and isolate the trifolitoxin produc- 
tion,,, and resistance genes and permanently transfer those 
10 i gene , to other strains of Rhi zobium that produced 
; "superior" nodules. 
;, : * c To achieve this, a genomic library of T24 was 
r prepared in the prior art cosmid vector pI*AFR3 . One 
cosmid clone was identified that restored trifolitoxin 
15 production and nodulation competitiveness. We formed a 
recombinant plasmid from this cosmid clone, pTFXl, that 
conferred trifolitoxin production and resistance on other 
bacteria (albeit in an unstable fashion) . 

Transposon mutagenesis and restriction analysis was 
20 . then used to map and subclone the insert of pTFXl. A 

4,4 kb region of DNA, referred to as tfx was found to be 
necessary for the expression of trifolitoxin production 
and resistance in Rhizobium. Another portion was found 
to have sufficient homology to Rhizobium genome to permit 
25 the use of a technique > f or insertion into the genome. 

Several mutants of pTFXl (witli Tn5 y insertions outside the 
trifolitoxin region) were therefore used to permanently 
insert the trifolitoxin genes into several strains of 
Rhizobium . This resulted in a stable construct having 
30 the desired characteristics. 
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Methods And Materials 

The identification of the precursor cosmid clone, 
and the formation of plasmid pTFXl is described in detail 
in my article, E. Triplett, 85 P.N.A.S. USA 3810-3814 
5 (June 1988) (not prior" art) ; I then made a restriction 
map of pTFXl. 'i did this by restriction analysis of Tn5 

. , insertions in pTFXl "• This map was used to determine the 
size and location of the trifolitoxiii genes as well as to 
develop a str a tecjy 'to* subclone the trifolitoxin genes 

10 into the broad host range vector , pRK415, N. Keen et al. , 
70 Gene 191-197 (1988) . I found that the ability of 
pTFXl to conter trifolitoxin production as wfell as resis- 
tance in trifolitoxin-sensitive scrains of Rhizobium were 
located within a 4.* kb region of 1 pTFXl, this knowledge, 

15 plus my analysis of the other portions of the insert in 
turn led to selection of the marker exchange technique 
for inserting these genes in a bacterial genome. 

In my work, Rhizobium strains were cultured at 28 C 
on Bergersen's synthetic medium (BSM) as described by F. 

20 Bergersen, 14 Aust. j. u Sioi. Sci. 349-360 (1961). 

Strains of E*_ coli were cultured at 37 C C on Luria-Bertani 
(LB) medium • Antibiotics were added as heeded at the 
following final concentrations: kahamycin (Km) , 
50 ug/ml; tetracycline (Tc), 12-5 ug/mx; spictinoraycin 

25 ( S P)/ 50 ug/ml; strep^or^ciri (Sm), 50 lig/mSJ gentamycin 
(Gm), 25 ug/ml; ndft'£<^ and 
neoroycxn (Nm) , 75 ug/ml i - '* 

Conjugation of £he plasmid mutants ( e.g. pTFXl : : Tn5 ) 
into Rhizobium was performed using' procedures analogous 

30 to those described in E. Triple tt et al , y- 85 Plant 

Physiol. 335-342 (1987) with some modifications. In this 
regard, the donor, recipient, and helper strains were 
mixed in a 1:1:1 ratio in water each at a cell density of 
approximately 5 x 10 7 per ml. After vortexing, a 5 ul 

35 suspension of this mixture is plac d on a YM/KB ( se E. 
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Triplett ( 1987 ) , supra ) plate with 3% agar* After incu- 
bation for two days at 28° C, each mating was resuspended 
in 0.1 ml water and spread plate on a BSM plate prepared 
with noble agar and supplemented with tetracycline and 
5 streptomycin. The use of noble agar in the interruption 
media eliminated the bas&groand of growth on the plates. 
After five days, trahscoiijugaivis ware observed. 

Conjugations involving the transfer cf plasmid DNA 
between strains of coll were done as described above 
10 except that 5 ul of the mixture of donor, recipient, and 
helper strains were placed on an LB plate and incubat d 
at 37°C overnight. Interruptions were done as describ d 
above with the appropriate selective media on solid LB 
medium. 

15 In the transfer of plasmid DNA from coli to 

Rhizobium # E. coll DH5a (Bethesda Research Labs) 
(PRK2013) , I>. Fic^urski et al > , 76 P.N.A.S. USA 1648-1652 
(1979), was used ac the, helper strain* Jr. the transfer 
of plasmid PHA between two strains of c oli , E. coli 

20 HB101, H. Boyer et al , , 41 J. Mol. Biol. 459-472 (1969), 
(PRK2073) (S, !Leong et al,. « 257 J. Br.ol, Chem. 8724-8730 
(1982)) served as the helper strain. 

Large scale plasmid preparations were purified by 
the boiling method described by D. Holmes et al, / 114 

25 Anal. Biochem. 193^197: (1981) . For restriction analysis 
of small amounts of . plasmid DNA, plasmids were purified 
: from cells grown pn; scld medium by the alkaline lysis 
miniprep method deacxibs?i fcv Fc angubel et al. r Current 
Protecols In Molecular Biology (19§7) r 

30 ■ The recombinant plasmid, pTFXl, was mutagenized with 

Tn5 by the method of G. pitta, 118 Meth. Snzmol , 519-528 
(.198.6) 'with slight modifications. The plasmid pTFXl was 
transformed : in to E* coli cell line HBlQlssTnS as 
described by D. Hanahan, 166 J. Mol. Biol. 557-580 (1983) 

35 using LB medium supplemented with kanamycin and tetracy- 
cline for selection of transf ormants. The transformants 
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10 



were pooled and conjugated with HB101 ,(pRK2Q73) and 
C2110nal ; (Ditta, supra). The triparental makings were 
incubated overnight at 37 °C. Cells were resuspended in 
water and a dilution sexies plated on LB medium supple- 
mented with kanamycin :f tetracycline, and nalidixic acid. 
Transcpnjugants ;L wer { e^ pooled and plasmid DNA isolated by 
an alkaline .ly^ie^,^ described by F. 

Ausubel et al «,^ f £urxenfcN Protocols, In Molecular Biology , 
John Wiley & , Sjons , New York (1987) • Fourteen separate 
•matings were per fomed ln order to. enhance the prospects 
of obtaining independent mutations. Plasmid DNA was 
transformed into E^ xzoXx DH5a and. the subsequent trans- 
formants ^elected on I*B, medixim with kanamycin and tetra- 
cycline. 

15 Restriction Analysis 

Restriction ; analysis jd'f three hundred and thirty-six 
pTFXl::Tn5 mutants was done to provide the information 
necessary to construct a restriction map of pTFXl. Each 
mutant was also conjugated? into 1R. 1 equmi no s arum bv. 
20 trifolii strain TA1 as- described abov^ ^ to -determine the 

trifolitoxin phenotype. (The tfx x genes are not expressed 
in E^ coli t )'•' - \" a ' r "*'-- 1 ! ^irr* v* fc - f 

Plasmid DNA bf eacli' pTFXl t :Th5 -mutant was cleaved 
with the following res ttitrtion enzymes :-Eco RI f Kpn I, 
25 - l Dra I , and Ml u I . v insertions 

- withiri &acit 2 rfestrictficfn 1 ftagierit., s&lect^d ' pTFXl : :Tn5 
plasmid^ wete- cleaved 7 Wilih^ilpa- iy*<'an^ertfc$tnfetfwith two 
symmetrical restrictioh sites Within the inverted repeat 
sequence, elements of TnS.' 1 ' Hpa I has two restriction 
30 sites- in pTFXl. This erfzymfc was used for this purpose 
1 rathter than Bgl^ II sirice there are ho Bgl II restriction 
sites iii pTFXl. -Plasmid DNA was electrophoresed in 0.6% 
agarose at 100 - For the "separation of fragment sizes 
greater than 15 kb, fi^ld inversion electophoresis was 
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used. At 0.3 s intervals , the electric field was 
inverted between 100 v- toward the anode and 60 v toward f 
the cathode. Field inversion gels were run for 16 hours 
at 4°C. All gels were 10 cm in length. , 
5 The ability of a strain to produce trifolitoxin was 

determined by bioassay? Southern analysis was determined 
with biotinylated probes of either pLAFR3 or pfTFXl; and 
trifolitoxin was partially ptirified from the cell culture 
supernatant sr of T24 and var iotas Rhizobium trans con jugants 

10 containing pTFX2 by reverse phase chromatography; these 
steps all being done as described in the general tech- 
nique portion of E. Triplfett-/ 85 P.N.A.S. USA 3810-3814 
(June 1988) (not prior art) . v 

From this analysis , I determined that my previous 

15 estimate of the size of the insert in pTFXl, 24.2 kb was 
inaccurate. The insert size in pTFXl is now known to be 
29.5 kb. ■ - ■ ;/ - 

The restriction aniaiysis showed that two enzymes, 
Dra I and Hi a I, did not have restriction sites in either 

20 Tn5 or tfx. The tf k regfion resides on a 10 kb Dra I 
fragment and a 7.5 kb Miu I fragment . Since tfx is 
present on a smaller fragment in the Mlu I digest than in 
the DjfaTT digest, Mlu I fragments were chosen for 
subcloning tfx. " t: 

25 Subcloning 

•Qne.jffiitant~ e*/.pT3Xii wai^rchosen whose Tn5 insertion 
was located within the 7.5 kb Mlu I fragment of pTFXl, 
yet did not affect the expression Of trifolitoxin produc- 
tion in Rhizobium . Ligation of the : Silu I fragments from 
30 which contains both the intact trifolitoxin production 
genes and a Tn5 insertion on the same fragment, to the 
broad host-range vector, pRK41 f 5, allows for selection 
against the other possible ligation products. 
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An Mlu I digest of r plasmid DNA from a pTFXl::Tn5 
mutant was blunted with T4 DNA polymerase using tech- 
niques described i>y F. Ausubel et al. , Current Protocols 
In Molecular Biology # John Wiley & Sons, New York (1987). 
5 .These fragmertt^ were ligated to an alkaline phosphatase- 
treated X^ The resulting ligated 

^ : ; : DN% was, /transformed, intp^I)Jg5g competent cells and trans- 
-r fppnaanl^ selected,, o with 
^-kana^cin ; ai>d te^acycline* : - Restriction analysis of the 
10 • «dc plasmid, Qf n a selected trans formant shewed an insert 

r v -size of 13 ; 2 Jcb ^ (a^ was . predicted based qn the size of an 
Mlu J, fragment; of. pTFXl.with a Tn5 insertion). This 
plasmid is referred^ to as,pTFX2. , 
■= ^ k A restriction map, cd;,pTFX2 was prepared based on the 

15 f restrictionr sites known tot be present in pRK415, the 

Bqo RI, reistricfcion jsites presemt in the Mlu I fragment in 
pTFXl, and on double restriction digests of pTFX2 with 
Sst l o; £co RI T r ; and Hga x v . The Xpuil site in pRK415 and 
: the .Mlu, - I r sites ^in the insert were eliminated by the 
20 blunt end ^ligation of the ^insert into, the vector. 

r -To determine. whether pTFX2 possessed functional tf x , 
this plasmid, was .conjugated into Rhizobium . Trifolitoxin 
production was ^obseirved, by the resulting ; trans con jugants 
and confirmed using techniques described previously for 
25 pTFXl trans con jugants in E. Triplett 1988 , supra (not 
prior art) •^^;Jil r: "'£^ 

:- o i^ a 3 ? Qi ihserti&iyr gEntb > Bacterial Genome 
. V^--- I ulll of c.V e.CJ- • • .. , 

;. : i : rAs atp. .^xeOTple of .inserting tfx into a .selected 

bacterjual^ genome , the method of G.Ditta, 118 Meth. 
: 30 ^ En^ol%; 519-528 (1986), was adapted for R« 1 equmino s arum 
: : T by r . trifolii TA1*. .(A. Gibson, CSIRO), The technique 

starts from the idea .that certain plasmids may be incom- 
patible with .certain other plasmids in certain hosts f and 
that under antibiotic stress the host will tend to either 
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drive one out (or hopefully where homology exists take in 
the unwanted genetic material as part of the bacterial 
genomie). The incompatible plasmid pPHUI (J* Bering r # 
276 Nature 633-634 (1978)) was conjugated into several 
5 TA1 transconjugants with sty pTFXls:Tn3. It will be 
appreciated that the ho s u Rhizobium can be other 
"superior" hosts of interest* ThG conjugation was int r- 
rupted on BSM prepared in noble v agar arid supplemented 
gentamycin, kainamycin, and specfeinbiiycin . ^Ehe resulting 

10 exconjugants (with the gene in the cell genome) were 
replica-plated on BSM with tetracycline* The tetra- 
' cycline-resistant strains were discarded. 

Bacterial strains T2 4, TA1 (pTFXl), and 
t^if olitoxin- producing TA1 (pTFXl:sTn5) transconjugants 

15 and TA1 : :TFX: iTn5 exconjugants were streaked to single 

colonies on BSK medium in the absence of selective anti- 
biotics. After two days of incubation at 28°C, a portion 
of the confluent growth on the plate was suspended in 
water and 5 ul of that suspension spotted in the center 

20 of a BSM plate for the assay of trif olitoxin production. 

A single colony from the initial plate was used to inocu- 
late a second' plate. After two days, confluent growth on 
che second plate was used 1 to assay trif olitoxin. The 
assays continued for 10 "generations n or until trifoli- 

25 toxin production was no longer observed. TAl:sTFX:Tn5 
showed stability through ten generations. 

It will be appreciated that the present invention 
involves, inter alia P the location of the trif olitoxin 
production and resistant genes, the cloning of them, and 

30 the development of a way to insert, them permanently in 
the bacterial genome. < 

Cultures of pTFXlssTnS (a/k/a pTFXl sl0-15) in E. 
coli (DH5 alpha) and Rhizobium leqiiminosarum by. trif olii 
TAl:sTFX:Tn5 (a/k/a TAlss 10-15) are on deposit at the 

35 American Type Culture Collection, Rockville, Maryland, 
U.S.A., with ATCC numbers 67990 and 53912 respectiv ly. 
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Th y were deposited May 25, 1989 under the Budapest 
Treaty, They will be : made available upon issuance of 
this patent and as provided under U.S. and other applica- 
ble patent laws. However, this availability is not to be 
construed as a licejise fcp .use the invention. 

- The preferred w^y : ,£q use the pyrefeirred bacteria is 
, tc streak the^ degpsi^d ;{ jPAlj : c 10 cn 15 on BSM, solid AGAR and 
wait f or 2»3 daytxr ^ner^heiv ^ti-eaH^ the growth product 
into BSM liquid broth. rA^ter- several more days one can 
pour the liquid broth , on peat ^ and ^s^Sr^t^e ;j peat as a 
carrier to surround the i seeds or roots. c Note also that 
other known coxnmercial-.inppulant^ ^techniques can readily 
be adapted for .use with these bacteria. See e.g. R. 
I^xghley et al. in Nitrogen ^Fixation In Legumes, pi 93-209 
15 (1982) ; resulting* An ;incculantsi and inoculated seeds. 
This inveAtioji appears r/most 1^ useful on 

clover > peas., . beans, -vetch, : and soybean^, but may well 
have: utility wherever , : Rhizobium < created nodules. 

Another possible ?se of the invention is to insert 
20 only the; resistance .gere- in a bacteria and >then add 

trifpli toxin to the soil r (or transform ^ pi §mt cell so it 
produces the tr if olitpxin ) . , ; In , this . .regard , several 
vectors are already known r that : can 0 exprgs §ibly transform 
ar plant genome, and ma^y- gommercial .production hosts are 
25 known. . - / -, ti ;,:.r?^-x- ^ ? :<:o.: 

Oth er Variants 

• ; - ./.-;>.; oi^*j^.\c ii'rv. 

It :*will^&&° appreciated ^ t^t ^ variouk 0 '6ther changes to 
the preferred isbbbdimefit^ may be 1 iSiaJTe ' Fox ■ -example , 
various; o their strains beteides* T24 itiay produce trifoli- 
30 toxin, and thus their sequences could bfe used (e.g. after 
Iddation with a hyfciidiz at ion- probe batsed on pTFXl). 
^llsor means of Indculatihg the roots of live plants (as 
opposed to just seedsf duringf 7 transplantation can easily 
be developed using knowh^ techniques. Further, other 
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means for inserting the foreign genes in the bacterial 
chromosome may prove useful. See e.g. G. Barry, 4 Bio/ 
Technology 446-449 (1986) and 71 Gene 75-84 (1988). Th 
claims should therefore be looked to to judge the full 
5 scope of the invention and the preferred embodiment is 
not tc be coFEiiderod representing the full scope of 
the invention. 

Industri al Applicabi lity 

It will be appreciated that the present invention 
10 improves plant growth and reduces the need for fertiliz- 
ers. 
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Claims 

I claim: r 

; 1. fj: A recombinant Rhizobium bacteria that is 
capable of assisting in the formatipn qf nitrogen 
fixation nodules on at least some plants, the bacteria 
having a foreign sequence-iri the bacterial genome 
5 expressibly coding for trif olitoxin production, 

2« The bacteria of claim 1, wherein the foreign 
sequence also comprises a sequence coding for resistance 
to trif olitoxin, 

3. A plant seed inoculated with the recombinant 
Rhizobium bacteria of claim 1. 

4. The plant seed of claim 3, wherein the foreign 
sequence of the recombinant bacteria also comprises a 
sequence coding for resistance to trif olitoxin. 

5. An inoculant for a plant comprising: 
a carrier; and 

the recombinant Rhizobium bacteria of claim 1 . 

6. The inoculant of claim 5, wherein the foreign 
sequence of the bacteria further comprises a sequence 
coding for resistance to trif olitoxin. 

7, A recombinant host having a foreign sequence in 
the host's g nome expressibly coding for trif olitoxin. 
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8, A recombinant Rhizobium bacteria that is 
capable of assisting in the formation of nitrogen 
fixation nodules in at least some plants, the bacteria 
having a foreign sequsmea in the bacterial genome coding 
5 for resistance to ttri'f 6-VS.toxin .* " 
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